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A GEOLOGIC TRAVERSE ACROSS THE NASHOBA BLOCK, EASTERN MASSACHUSETTS
J. Christopher Hepburn and Barbara Munn
Dept, of Geology and Geophysics,
Boston College, Chestnut Hill, MA 02167

Introduction
The easternmost margin of the Appalachian-Caledonian orogenic system in
southeastern New England is divided into three distinct tectonic blocks or
terranes separated by the Bloody Bluff and Clinton-Newbury fault systems
(Figure 1). Both terranes east of the Clinton-Newbury fault zone, the Boston
Platform and Nashoba Block) are believed to be "exotic" to North America
prior to the mid- to Late Paleozoic (e.g., Williams and Hatcher, 1983; Zen,
1983a; Zartman and Naylor, 1984). But the rocks of the Nashoba Block,
between these two major fault zones, contrast markedly with those of the
Boston Platform to the east and the Merrimack Trough to the west. Contrasts
with the Boston Platform include the degree of metamorphism, the type of
sedimentation, and the age and composition of the igneous rocks. The large,
Late Proterozoic granitic intrusions and volcanic outpourings of the Boston
Platform are not present in the Nashoba Block, nor are the Ordovician to
Devonian peralkaline plutons. In contrast, the Nashoba Block has been
intruded by a series of intermediate plutons (Straw Hollow, Sharpners Pond,
Assabet Quartz Diorite) and by deep-seated peraluminous granites (Andover)
roughly contemporaneous with the peralkaline intrusions of the Boston
Platform (Zartman and Naylor, 1984; Wones and Goldsmith, in press; Hepburn et
al., in press).
A similar contrast occurs along the western edge of the Nashoba Block,
where generally low-grade metasediments of the eastern portion of the
Merrimack Trough of Lyons et al. (1982) abut against the Clinton-Newbury
fault. These metasediments are part of a thick deepwater sequence (flysch
and calcareous flysch) generally thought to have been metamorphosed and
deformed during the Acadian Orogeny. The exact age of these sediments is
still debated but has commonly been thought to be Siluro-Devonian by long
distance correlations to fossil-bearing strata in central Maine. However,
Lyons et al. (1982) have recently suggested they may be in part as old as
Precambrian. The eastern Merrimack Trough has been intruded by a number of
granitic plutons (Zen, 1983b), the Ayer being the most prominent in the field
trip area (Figure 2). The Ayer has been recently dated as 433 +/- 5 m.y.
(Zartman and Naylor, 1984), indicating emplacement prior to the Acadian
Orogeny. Thus, it appears that the rocks west of the Clinton-Newbury fault
zone have experienced the effects of the Acadian Orogeny, while to the east
in the Nashoba Block these effects are not evident.
This excursion is designed to give a general overview of the Nashoba
Block, with stops in the major metasedimentary, metavolcanic, and igneous
units in the central part of the block. While much has been learned about
this interesting terrane recently, a great deal more work is needed in order
to answer even the most fundamental questions (i.e. age of sedimentation and
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Figure 1. Location of the Nashoba Block, eastern
Massachusetts.
Sedimentary basins of the Boston
Platform shown by lined pattern:
Boston Basin, Late
Proterozoic-Early Paleozoic;
Narragansett and Norfolk
Basins, Carboniferous.
Outlined square shows area of
Figure 2.
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volcanism, age of metamorphism, correlations, etc.)*
may find we present more problems than answers.

Excursion participants

Recent Work
However, interpretation of the Nashoba Block has been greatly aided by
recent work, including mapping done in connection with the new Massachusetts
Bedrock Geologic Map (Zen, 1983b). Complete, up-to-date references on this
mapping are given in Zen (1983b) and Barosh et al. (1977) and are not
repeated here. Bell and Alvord's (1976) work in stratigraphically
subdividing the Nashoba Block was a major step forward. Other recent
stratigraphic studies include those of Skehan and Abu-Moustafa (1976), Alvord
et al. (1976), Goldsmith et al., (1982a, 1982b) and Goldsmith (in press).
Radiogenic age determinations have recently been summarized by Zartman and
Naylor (1984) and Olszewski (1980).
Wones and Goldsmith (in press), Hepburn
et al. (in press), and Hill et al. (1984) have provided recent discussions on
the petrology and geochemistry of the igneous rocks of the Nashoba Block.
Nashoba Block
Stratigraphy
The stratified rocks of the Nashoba Block are largely high-grade
(sillimanite and sillimanite - K-feldspar zones) eugeosynclinal metasediments
and metavolcanics. Feldspar and biotite gneisses and amphibolites are
dominant, along with lesser amounts of pelitic schist, calc-silicate
granulite and marble. Bell and Alvord (1976) and Alvord et al. (1976) have
subdivided the stratified rocks into five major formations, striking
northeast, which they interpreted to be generally a westward dipping
homocline, topping west. We feel that, because of the complex structural
relations, faulting, and lack of fossil or other clear evidence of
stratigraphic younging direction, the question of stratigraphic sequence
remains unresolved. The stratified rocks are (from SE to NW): the Marlboro
Fm., Shawsheen Gneiss, Fish Brook Gneiss, Nashoba Fm. and Tadmuck Brook
Schist (Figure 2). Brief descriptions of these formations are given here.
For more complete descriptions, refer to Bell and Alvord (1976) and the
references cited in this section. On Figure 2, the designation used for the
various units is largely that of Zen (1983b), so that field trip stops can be
easily located on the new Massachusetts Bedrock Geologic Map.
Marlboro Formation. Predominantly amphibolites of the Sandy Pond
Member. Biotite and hornblende gneisses lie between this member and the
Bloody Bluff fault. Various rock types are mapped in the Marlboro
between the Sandy Pond and the Assabet River fault to the northwest.
These include rusty-weathering sillimanite schist and quartzofeldspathic
granulite (see DiNitto et al., this volume).
Shawsheen Gneiss.
(not seen on this field trip) Sillimanitic
muscovite-biotite-plagioclase-quartz gneiss and minor amphibolite, not
distinctly different from the Nashoba Fm. but separated from it by the
Fish Brook Gneiss.
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FIGURE 2
GENERALIZED BEDROCK GEOLOGIC MAP
ACROSS THE NASHOBA BLOCK
Clinton, Hudson, Worcester North, Shrewsbury & Marlborough quadrangles,
east-central Massachusetts (after Bell and Alvord, 1976; Hepburn, 1978;
DiNitto, 1983; Zen, 1983, & Munn; in progress)
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Fish Brook Gneiss.
(not seen on this field trip) Generally light
colored feldspathic and quartzofeldspathic gneisses.
Nashoba Fm. Bell and Alvord (1976) subdivided the Nashoba into ten
members in the Billerica, Concord and Westford quadrangles. Many of
these members have not been recognized in the field trip area, having
been cut out by faulting or due to the lack of detailed mapping. The
dominent lithologies of the Nashoba are quartz-plagioclase-biotite
gneisses and schists. Varying percentages of these minerals produce
much of the diversity within the formation. Lesser amounts of pelitic
schist, rusty-weathering amphibolite, and calc-silicate granulite or
marble are present in sufficient quantity to be locally differentiated.
Migmatite and pegmatite are common, particularly in the northeast toward
the Andover Granite.
Tadmuck Brook Schist. Rusty weathering, graphitic, micaceous phyllite
to schist with porphyroblasts of andalusite and sillimanite locally
present. In many localities, if not all, the Tadmuck Brook is a
phyllonite.
Plutonic Rocks
The Nashoba Block has been intruded by a heterogeneous series of plutons
ranging in composition from granite to diorite. The granites have generally
been assigned to the Andover Granite. The Andover consists of a series of
foliated and unfoliated peraluminous, garnet bearing, muscovite-biotite
granites and pegmatites, thought to have been generated in part by anatexis
of the Nashoba Formation. Zartman and Naylor (1984) date the Andover as
ranging from 408 to 450 m.y. based on Rb-Sr whole rock analyses.
Hill et
al. (this volume), on the basis of additional Rb-Sr analyses, suggest that
the Andover may represent two separate intrusions, one in the Late Silurian
approximately 415 m.y. ago, and one in the Late Ordovician approximately 450
m.y. ago.
The Indian Head Hill Granodiorite (Hepburn and DiNitto, 1978) is a
composite pluton, just north of the Bloody Bluff fault zone (Figure 2). The
younger phase is an unfoliated biotite-muscovite granite. The older, a
foliated hornblende-biotite diorite has been dated at 402 m.y. with Rb-Sr
(Hill et al., this volume).
The principal dioritic rocks of the Nashoba Block (Sharpners Pond
Diorite, Assabet Quartz Diorite and Straw Hollow Diorite) are generally
unfoliated to weakly foliated hornblende-plagioclase-sphene bearing
calc-alkaline intrusions. Zartman and Naylor (1984) give a zircon age for
the Sharpners Pond of 430 +/- 5 m.y. that probably is representative for all
of these intrusions.
"Western Nashoba slice"
From Newbury on the northeast to about Clinton, the Clinton-Newbury
fault is a well defined fault zone which has rocks of the Tadmuck Brook
Schist on its eastern side south of Lawrence. However, in the Clinton area,
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the fault splits into several branches (Figure 2; Zen, 1983b; Peck, 1976).
Within this fault complex (southern Clinton and north-central Shrewsbury
quadrangles) are an anomalous series of rocks which we call the "western
Nashoba slice". This slice is bounded on the east by the Rattlesnake Hill
Fault zone of Skehan and Abu-Moustafa (1976), on the west by faulting at the
pronounced metamorphic break east of the Tower Hill Quartzite, and on the
north by the faulted Reubens Hill Complex. The rocks in this slice are
likely part of a separate thrust sheet (Munn, in progress) that includes the
Boylston Schist (Grew, 1970; Goldsmith et al., 1982a) and the "western
Nashoba Formation" (Nashoba, western on Figure 2). The Boylston Schist is a
rusty-weathering garnet-silimanite schist seen at Stop 4. The "western
Nashoba" is lithologically similar to the Nashoba Formation to the east, but
has been separately designated in Figure 2 to emphasize its unique tectonic
position (i.e., west of the Tadmuck Brook Schist). These formations are
intruded by the Rocky Pond Granite, a fine to medium grained, white to light
gray, two mica or muscovite granite that contains only a weak foliation (Stop
5). This granite was previously referred to as the Rattlesnake Hill
muscovite granite by Skehan (1968) and the muscovite granite of West Berlin
by Zartman and Naylor (1984). It has not yet yielded a reliable age (Zartman
and Naylor, 1984). Also present in the area just west of the Rattlesnake
Hill fault is a sliver of low-grade rocks, the Vaughn Hills Quartzite,
quartzites and interbedded phyllites that have been correlated with the Tower
Hill Quartzite and thus assigned to the Merrimack Group by Zen (1983b). We
agree with this stratigraphic correlation but are as yet unsure of the
tectonic implications (Munn, in progress).
Tadmuck Brook Schist
The Tadmuck Brook Schist occupies a unique position on the east side of
the Clinton-Newbury fault zone. From about Littleton to Lawrence several
members of the Nashoba Formation are truncated at low angle by the Tadmuck
Brook (Alvord et al, 1976). Interestingly, where the Clinton-Newbury fault
zone becomes less distinct north of Lawrence or where it breaks into a number
of slivers, such as south of Clinton-Shrewsbury, the Tadmuck Brook is not
present. Alvord et al. (1976) interpret the contact with the Nashoba as a
disconformity, although they note that in places, the contact is known to be
a fault.
In the area of the field trip (and to the northeast; Alvord, 1976; Bell
and Alvord, 1976), the Tadmuck Brook Schist has a general tripartate
division. To the west the rock is commonly a phyllite in appearance, with
few recognizable porphyroblasts and common retrograde features. In its
central part (as at Stop 6), it appears to be a phyllite to schist with
common augen, knots and lenses containing andalusite and/or staurolite or
their retrograded products. On its eastern boundary with the Nashoba it
becomes a sillimanite-biotite schist.
Because of the presence of fine-grained pyrrhotite, the rock weathers
rapidly and even "fresh" exposures are soon covered with a rusty rind that
makes textures difficult to see in the field. Common throughout the
formation are thin quartzose layers and lenses, and thicker lenses (to 10 m)
of amphibolite that, as Bell and Alvord (1976) note, cannot be traced from
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one outcrop to the next.
Everywhere we have looked in the Tadmuck Brook Schist, there is evidence
of cataclasis and recrystallization. Fluxion structure (Higgins, 1971) is
common. The comminution and metamorphic recrystallization histories are
complex and likely reflect several periods of repeated fault movement and at
least two episodes of metamorphism (Munn, in progress). Large, remnant knots
of coarse-grained andalusite and staurolite lie within a finer grained
micaceous matrix that has been later overgrown by biotite, andalusite, and on
the east by sillimanite. The youngest metamorphism produced the largely
unoriented porphyroblasts seen at Stop 6.
Many questions about the metamorphism still remain. Is the younger
metamorphism the result of thrusting cooler rocks into contact with the
hotter Nashoba Block, or is it related to a later event, perhaps the same one
that formed sillimanite in the Nashoba Block itself? Undoubtedly, late
movements on the Clinton-Newbury have complicated the picture. Younger shear
zones whose rocks show less recrystallized textures crosscut the Tadmuck
Brook Schist.
What was the protolith of the Tadmuck Brook Schist? Clearly, the
micaceous mineralogy and presence of aluminosilicates indicate an originally
shaley protolith, but the coarse, multigranular textures in knot remnants
indicate that its immediate precursor was not a fine-grained rock. The large
amphibolite lenses suggest that at least some Nashoba material is present in
the Tadmuck Brook. Numerous rusty weathering schistose units within the
Nashoba might have served as the shaley protolith, but pelitic material is
also common in the Merrimack Trough. At this stage it is impossible to
identify the protolith for the Tadmuck Brook Schist and in fact, it may vary
along strike. Certainly, it would not be unreasonable for the main movements
along the fault, particularly if it was a thrust, to start as a bedding plane
thrust in a rock of pelitic composition before transgressing other units. In
any case, we feel there is sufficient evidence on every scale, from the
regional to thin section, to assign a largely cataclastic origin to the
present Tadmuck Brook Schist.
Summary— age, metamorphism and origin of the Nashoba Block
The age and metamorphism of the rocks in the Nashoba Block are not well
constrained. No fossil-bearing rocks occur here, nor have any definitive
correlations heen made to well-dated rocks elsewhere. Olszewski (1980) dated
zircons from the Fish Brook Gneiss (see Hill et al., this volume) at 730 +/26 m.y., which he interprets as the volcanic age for this unit. However,
does this age for the Fish Brook Gneiss apply generally to the period of
deposition for all the rocks in the block, or is the Fish Brook just an
inlier of basement rock?
DiNitto et al. (this volume), Hill et al. (1984),
Hill et al. (this volume) and work still in progress attempt to date
amphibolites from the Marlboro Fm. using Nd-Sm techniques. While a
definitive age has not yet been established, model ages suggest the Marlboro
is 450-550 m.y. old. Although older ages cannot be ruled out, this data
suggests the Marlboro (and other metasediments?) are younger than the Fish
Brook.
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The metamorphism in the Nashoba Block has generally been assigned dates
in the range of 430 to 450 m.y. (Olszewski, 1980; Zartman and Naylor, 1984),
based on the Andover Granite and reset Rb-Sr ages. The pervasive
metamorphism is that of the sillimanite or sillimanite - K-feldspar zones,
and the peraluminous nature of the Andover suggests that it formed by
anatexis of a sedimentary source. Spacially, the Andover is related to the
Nashoba and migmatites generally increase within the Nashoba as the Andover
is approached. Castle and Theodore (1972) indicate a P,T estimate for a
pegmatitic phase of the Andover as 650 C. at 5 kb, close to our estimates of
the regional metamorphism in parts of the Nashoba. Since the Andover has
unfoliated varieties that have escaped most of the deformation, the date on
the Andover is thought to put a maximum age on the metamorphism and regional
deformation. Although Hill et al. (this volume) suggest there may in fact be
two Andovers, and the relationship between the Andover and the Nashoba
metamorphism has not been conclusively established, an age of 430-450 m.y.
seems the current best estimate for the regional metamorphism.
Interestingly, this age falls between what is normally thought of as Acadian
and Taconic in the northern Appalachians.
Major faulting in eastern Massachusetts has been estimated to range from
Precambrian to Alleghanian (see for example Castle et al., 1976; O'Hara and
Gromet, 1983). The deformation within the Nashoba Block ranges from
deep-seated ductile deformation to later, cross-cutting brittle faulting, as
we shall see on the trip.
In what type of an environment did the Nashoba Block form? Geochemical
evidence from amphibolites of the Marlboro Fm. indicate that they were
originally mildly alkalic to high alumina basalts (Hepburn et al., in press;
DiNitto et al., this volume) and contain trace element abundances consistent
with formation at a convergent plate margin or in a marginal basin. The
calc-alkaline dioritic intrusions in the Nashoba Block (Hepburn et al., in
press; Hill et al., this volume) also indicate a convergent margin-type
environment existing as late as 430 m.y. ago.
The sequence of events in the Nashoba Block is distinctive and very
different from that in the Boston Platform to the east. Arguments recently
summarized by Zartman and Naylor (1984) indicate that it is unlikely that
these two blocks were joined together prior to the mid- to Late Paleozoic.
The Late Precambrian (600-650 m.y.) granitic plutonism characteristic of the
Boston Platform is not present in the Nashoba Block. At the time the Nashoba
Block was undergoing high-grade metamorphism, calc-alkaline intermediate and
peraluminous granite plutonism, the Boston Platform was experiencing only
peralkaline plutonism. These different magmatic types occur in close
proximity across the Bloody Bluff fault zone, but do not cross it. Thus it
appears unlikely that these blocks could have been juxtaposed during the
mid-Paleozoic plutonism. However, Permian K-Ar resetting of mineral ages
(Zartman et al., 1970) is common to both, suggesting they were joined by the
end of the Paleozoic (see also O'Hara and Gromet, 1983)
The time of juxtaposition of the Nashoba Block to the eastern Merrimack
Trough is less well documented. Metamorphic isograds of apparently Acadian
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age are truncated along the Clinton-Newbury fault, indicating at least some
post-Devonian movement.
The Nashoba Block is clearly an exotic block, with a geological history
distinctly different from terranes surrounding it. As we come to better
understand its rocks, it is likely that we will be in a better position to
recognize its presence elsewhere in the Appalachians.
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A GEOLOGIC TRAVERSE ACROSS THE NASHOBA BLOCK, EASTERN MASSACHUSETTS
Road Log for Field Trip, Saturday, Oct. 13, 1984
Assemble at STOP 1 in Boylston, MA. at 9:00 A.M. BRING LUNCH. Stop 1 is
approximately one hour from the Danvers NEIGC headquarters via 1-95 South,
Rt. 2 West, 1-495 South to 1-290 West. The trip will be in the following
7-1/2 minute quadrangles: Worchester North, Shrewsbury, Clinton, Hudson and
Marlborough.
MILEAGE
Cum.

S/S

Exit from 1-290 at Rt. 140.
Boylston.

Exit 23 North toward West

0.0

Top of exit ramp, proceed north on Rt. 140. (Note gas stations
here: Mobil and Gulf are the last we pass on the trip).

1.7

1.7

Junction with Rt. 70; continue north on 140 for 0.3 miles.

2.0

0.3

Park with caution along east side of the road by large road
cuts. Meeting place. Stop 1.

STOP 1.

Oakdale Formation. Typical light gray to purplish-brown
weathering calcareous meta-siltstone and interlayered gray to
gray-green phyllite of the eastern Merrimack Trough.
Siltstone layers range in thickness from 1 to 20 cm and are
separated by thin partings of micaceous phyllite or may be
interlaminated with paper thin phyllitic partings on a scale
of a few millimeters. Ankerite causes the characteristic
purplish-brown weathering spots in the siltstones. The
metamorphic grade here is biotite zone or lower. Note the
small, tight to isoclinal folds in these outcrops. The
prominent layering here is not bedding but a transposed
bedding parallel to the axial surfaces of these isoclinal
folds. Late kink bands with steeply dipping axial surfaces
are conspicuous.
Continue north on Rt. 140 until U-turn can be made by
Wachusett Reservoir. Reverse direction and proceed south on
140.

2.3

0.3

Return to junction with Rt. 70, turn left, and proceed
northeast on 70.

3.3

1.0

Turn left at Boylston Town House. Proceed behind buildings
and park. Walk up embankment to west. Stop 2.

STOP 2.

Tower Hill Quartzite. Grew (1970) informally named this unit
for exposures in Boylston, and it was formally adopted by
Goldsmith et al. (1982a). Orthoquartzite is the most
distinctive rock in the Tower Hill with sparse occurrences of
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quartz-pebble conglomerate. Interbedded gray phyllites are
found in the quartzite and as a mappable member between the
quartzite and the Clinton-Newbury fault (or a branch of it),
which passes not far below us here. The grade of metamorphism
is that of the biotite zone or lower.
3.4

0 1

Return to Rt. 70. Turn right onto 70 West and retrace route
back to junction with 140.

4.4

1 0

Turn left onto Rt. 140 South.

6.1

1 7

Turn left (east) onto Colonial Dr. and park. Walk across Rt.
140 to outcrops on the right side of the entrance ramp to
1-290 West. Stop 3.

STOP 3.

Nashoba Formation (western). The Nashoba Formation west of
the Tadmuck Brook Schist is lithologically similar to the main
Nashoba belt to the east, despite the fact that it is in a
separate fault slice (Figure 2; Zen, 1983b). It is largely
composed of various biotite gneisses and biotite schists
metamorphosed to the upper amphibolite facies (sillimanite or
sillimanite - K-feldspar zones). Muscovite is still present
throughout the area, although much of it is commonly in large
flakes and may be retrograde. Migmatites are locally present,
although not to the extent seen in the northeastern part of
the main outcrop belt. Folding is complex, with two or three
generations of folds commonly present in an outcrop. Two or
more periods of granitic or pegmatitic intrusions are also
common.
An approximate log of features found in this heterogeneous
series of outcrops as you progress from Rt. 140 along the
north side of the entrance ramp includes: (1) a late
silicified shear zone, (2) large muscovite flakes in the
gneiss (retrograde?), (3) sheared granitic dikes, (4) a
younger slightly foliated granodiorite/diorite intrusion, (5)
cross-cutting aplite, (6) Mesozoic spheroidally weathered
lamprophyre dike — please do not remove, (7) garnet-bearing
granite pegmatite, possibly related to the Andover, and (8)
evidence for two generations of granite and several episodes
of folding. At the end of the outcrop on the north side of
the ramp, cross to the south side and proceed around the
cloverleaf along 495. Excellent examples of the mylonite
gneisses and blastomyIonites common in the "western Nashoba
slice" are found here. Note the garnet-bearing muscovite
granite has also been affected by the ductile deformation.
Continue along 495 to 140 overpass, climb the bank and low
fence, or return to cars via original route.
Return to cars, continue a very short distance on Colonial Dr.

6.2

0.1

Take a left (north) onto Cross St.
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6.4

0.2

At Y keep to the right, on Cross St.

7.3

0.9

Rocky Pond Granite outcrops on right.

8.0

0.7

5-way road junction.
west.

Continue on Cross St.

Turn left onto Central St. and proceed

8.2

0.2

Rusty-weathering exposures of Boylston Schist.

8.4

0.2

Turn sharp left (150 degrees) onto old dirt road and park
Stop 4. Exposures along the road. PLEASE BE CAREFUL OF
TRAFFIC ON THE TURN IN THE ROAD.

STOP 4.

Boylston Schist. The Boylston Schist (Goldsmith et al.,
1982a) is only found in the "western Nashoba" slice (Figure 2)
at high grades of metamorphism. Whether it is associated with
rocks of the Merrimack Trough or the Nashoba Block remains a
problem. The Boylston is a rusty-weathering, graphitic,
sillimanite-garnet mica schist or granofels. Bedding and
layering are rather indistinct and the rock is commonly
massive. In this locality, large flakes of muscovite
(retrograde?) are common. Abundant sillimanite is easily
observed in hand sample, and two generations of sillimanite
can be observed in thin section.
Return east on Central St. to 5-way road junction.

8.9

0.5

At 5-way road junction, turn left onto Cross St. toward Mt
Pleasant Country Club.

8.95

0.05

Take an immediate right onto Green St. across from the Mt
Pleasant Country Club.

10.2

1.25

Junction with Warren St.
Green St.

10.7

0.5

Turn left onto Mile Hill Rd. and park immediately on either
side of road. Outcrops of Rocky Pond Granite in the woods on
both sides of Mile Hill Rd. Stop 5.

STOP 5.

Keep to the left, continuing on

Rocky Pond Granite. This granite (mgr of Zen, 1983b) is named
(Munn, in progress) for exposures near Rocky Pond in Boylston,
1 mile south of this stop. Zartman and Naylor (1984)
attempted to date the granite of "West Berlin" with samples
from the Wachusett-Marlborough Tunnel but were unable tt
accurately determine its age. Because of possible correlation
problems between the tunnel samples and surface exposures, a
new name is given to this granite. The rock is a foliated
2-mica granite cut by muscovite bearing aplite dikes.
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Sedimentary Xenoliths and inclusions are common, with some
resembling the Vaughn Hills Formation, which lies along strike
south of the granite (Figure 2).
Continue north on Mile Hill Rd.
12.1

1.4

Turn right onto Linden St.

13.3

1.2

Turn left onto Barnes Hill Rd.

14.2

0.9

5-way road junction in West Berlin.
Willow Rd.

14.3

0.1

Park on either side.

STOP 6.

Proceed east.
Proceed north
Turn sharply left onto

Outcrops along the road.

Stop 6.

Tadmuck Brook Schist. Exposed here, and around the corner on
the street heading north, are outcrops of a rusty-weathering,
gray, graphitic, staurolite-andalusite-muscovite-biotite
phyllitic schist with thin quartzose interlayers. Megascopic
porphyroclasts of andalusite are readily identified. Note the
late, ovoid-shaped biotite flakes that have grown across the
foliation. Also note the lenticular augen or lenses of
grained polycrystalline material (some include andalusite and
staurolite) enveloped by the finer grained micaceous matrix.
This rock is interpreted to be a phyllonite or mylonitic
schist.
Reverse direction and return to the 5-way junction in West
Berlin.

14.4

0.1

At 5-way junction, turn right onto Derby Rd.

15.1

0.7

At T-junction with Linden St., turn left and proceed east

15.6

0.5

Junction with Lyman Rd.

15.8

0.2

Cross railroad tracks; park immediately on left. Walk along
road and across the Corp of Engineers Flood Control Dam to
outcrops at east end of dam. Stop 7 and lunch by the lake.

STOP 7.

Proceed south.

Stay straight on Linden St.

Nashoba Formation; calc-silicate granulite and marble,
possibly correlative with the Beaver Brook or Fort Pond
Members of Bell and Alvord (1976). Excavations for the dam
spillway have produced the most complete section through one
of the calc-silicate/marble units in the Nashoba in thi d
The calc-silicate granulites here contain diopside,
actinolite, phlogopitic biotite, plagioclase, tourmaline and
opaques. The deformation has been largely by flow in the more
calcareous layers, and tectonic "fish" of originally more
dolomitic or shaley layers are readily observed. Schistose
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rocks and amphibolites are present at the north end of the
cut, and garnet bearing amphibolites are present in outcrops
to the south.
Return to cars and continue east on Linden St.
16.3

0.5

Junction in Berlin at blinking light.
proceed east.

Turn right on Rt. 62;

16.5

0.2

Junction with Pleasant St.
junction with 1-495.

17.3

0.8

Note typically orchard-covered drumlin on right.

18.2

0.9

Junction with 1-495. Proceed under 1-495 and park adjacent to
entrance ramp to 1-495 North. Outcrops along entrance. Stop

Continue east on Rt. 62 to

8.

STOP 8.

Nashoba Formation; biotite gneisses. The excellent exposures
here show some of the diversity in the biotitic gneisses of
the Nashoba. Generally, the gneisses are gray to dark gray,
medium grained, unevenly layered to well layered
plagioclase-quartz-biotite gneisses or schists with widely
varying percentages of these minerals in individual layers.
Garnet, sillimanite and K-feldspar are locally present, as are
large flakes of muscovite (retrograde?). Minor amphibolite
layers are also present. A relatively small amount of
migmatite is seen here in comparison to the next stop. Note
the presence of ductile shear zones and younger
post-deformational granitic dikes.
Proceed along entrance ramp onto 1-495 North. The cuts here
are biotite gneisses typical of the Nashoba Fm. Proceed north
on 1-495.

20.5

2.3

Note typical Nashoba Fm. in roadcuts.

23.2

2.7

Rusty-weathering sillimanite schist of the Nashoba Fm. in
roadcuts.

25.9

2.7

Take Exit 28, Rt. Ill - Boxborough, Harvard.

26.2

0.3

Top of exit ramp.

26.4

0.2

Park on right by large outcrops on Rt. Ill, opposite entrance
to 1-495 South. Stop 9.

STOP 9.

Turn right (west) on Rt. Ill across 1-495.

Nashoba Formation; gneisses and migmatitic gneisses. The
large outcrops along the north side of Rt. Ill contain an
excellent example of the migmatitic Nashoba. Here biotite
gneisses are interlayered with migmatitic gneisses and
pegmatites. Sillimanite is commonly present with biotite in
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the selvages along the rim of the melted material. Muscovite
is again present in large, retrograded? flakes. Two
generations of pegmatites are present here, the earlier having
been deformed. Several generations of folding are also
visible. Note the late brittle faults with gouge cutting the
outcrop. It is believed that most of the pegmatite and
granite in this outcrop is more or less locally generated by
anatexis of layers with the appropriate composition. Note how
the percentage of melt changes with the composition of the
original layer. It is widely believed, but not yet firmly
established, that where the melting in the Nashoba reached
sufficient proportions for the magma to coalesce and move, it
formed the Andover Granite.
Turn left onto entrance to 1-495 South and proceed south on
1-495.
34.9

8.5

Outcrops of Nashoba Fm.

35.1

0.2

The valley in front of you coincides approximately with the
Assabet River fault zone.

36.3

1.2

Junction 1-290 and 1-495; leave 1-495 at Exit 25A Mto 85,
Marlborough” .

36.6

0.3

Follow signs ”to 85, Marlborough and Hudson".

36.8

0.2

Note carbonate-filled brittle shear zone on right.

37.0

0.2

Pull over and park with care on the right shoulder, beyond
merging traffic. Stop 10.

STOP 10

Straw Hill Diorite. The exposures at this cloverleaf are
complex and show a wide variety of features. Our principal
purpose in stopping here is to see the Straw Hollow Diorite as
a representative of the Silurian (Zartman and Naylor, 1984)
intermediate plutonic intrusions in the Nashoba Block (Straw
Hollow, Assabet, Sharpners Pond; for more detail on these, see
trip by Hill et al., this volume). Both a foliated and a nonor more weakly foliated variety of the hornblende-quartz
diorites are present here. They have been intruded by garnet
bearing pegmatites possibly related to the nearby Andover
Granite. Blastomylonites believed to be associated with the
Assabet River fault zone are present here and will be seen as
an example of the type of deformation common along some of the
larger shear zones in the Nashoba Block. If time permits, an
example of a relatively late brittle shear zone, filled with
carbonate mineralization, will be visited and provide contrast
with the earlier ductile deformation.
Continue straight on "to 85" east.
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38.0

1.0

Turn right (south) at traffic light onto Fitchburg St.

38.1

0.1

Turn left at entrance to Assabet Valley Regional Vocational
High School.

38.3

0.2

Park in parking lot. Proceed to exposure by the building.
Stop 11. NO HAMMERS PLEASE.

STOP 11

Andover Granite. The Andover Granite is widely exposed in the
northern Nashoba Block (Zen, 1983b) and contains strongly to
weakly foliated varieties (Castle, 1964; Hill et al., this
volume). This brief stop is to illustrate the foliated phase
of this important plutonic rock of the Nashoba Block. Here
the Andover is a strongly foliated biotite-muscovite granite
to granodiorite with somewhat rounded feldspars. The
foliation is at least partially caused by shearing. The
granite is intruded by muscovite bearing pegmatites.
Return to Fitchburg St.

38.5

0.2

Turn right (north) onto Fitchburg St.

38.7

0.2

At traffic light, turn left and return to 1-495

39.0

0.3

Passing outcrops of Straw Hollow Diorite on right

39.6

0.6

Continue toward Exit 26A for 1-495 South.

40.1

0.5

Take Exit 26A to 1-495 South, toward Milford, and proceed
south on 1-495.

41.7

1.6

Passing outcrops of garnet-bearing Andover Granite on left.

41.8

0.1

Leave 1-495 at Exit 24B, for Rt. 20 West toward Northboro.

42.2

0.4

Top of exit ramp.

42.3

0.1

At first traffic light, make a U-turn and proceed east on Rt

Turn right onto Rt. 20 West.

20 .
42.5

STOP 12.

0.2

Turn right onto entrance ramp for 1-495 South and park with
care along right shoulder. Stop 12.
Marlboro Formation. These outcrops are typical of
amphibolites in the Sandy Pond Member of the Marlboro (Bell
and Alvord, 1976; DiNitto et al., this volume).
Characteristically they are fine to medium grained, massive to
foliated hornblende-plagioclase +/- quartz, biotite and
epidote amphibolites and layered amphibolites.
Continue along entrance ramp and proceed south on 1-495.
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43.9

1.4

Passing outcrops of the Indian Head Hill pluton, granite and
diorite (see DiNitto et al. and Hill et al., this volume).

44.3

0.4

Valley trending NE-SW in front of you is the approximate trace
of the Bloody Bluff fault zone.

44.9

0.6

Crossing the Bloody Bluff fault zone.

45.4

0.5

Passing outcrops of the Westboro Fm., quartzite and
interlayered schists. The northern end of the exposure has
some tectonically interleaved amphibolite and biotite schist

46.2

0.8

Leave 1-495 at Exit 23A for Rt. 9 East, toward Framinghan
You are now entering the northern end of the "Milford
Terrane".

46.5

0.3

Merge onto Rt. 9 East (stay in right lane).

46.9

0.4

Take a sharp right onto Washington St.

47.0

0.1

Turn left into private road for Data General

47.2

0.2

Park in western side of parking lot by exposures.

STOP 13.

Stop 13.

Milford Granite Terrane. These exposures contain a foliated
white to pink biotite granite with smokey to bluish, somewhat
granulated quartz and prominent allanite crystals. The
biotite occurs in "clots" and makes up 5-10% of the rock. A
full discussion of the granitic rocks of the "Milford Terrane"
is beyond the scope of this trip. For details see Wones and
Goldsmith (in press). The rocks at this stop are assigned to
the Scituate Granite Gneiss by Zen (1983b). Thus, we have
crossed out of the Nashoba Block and onto rocks of the 600
m.y. old Avalonian granitic suite of the Boston Platform.
Probable end of the trip. Return to Rt. 9, proceed east to
Rt. 95, and follow to NEIGC headquarters in Danvers.
Optional additional stop in the Bloody Bluff fault zone if
time permits. Return to Washington St.

47.4

0.2

Turn right onto Washington St.

47.5

0.1

Re-enter Rt. 9 East.

48.5

1.0

Get into left lane.

48.8

0.3

Turn left onto Middle Rd.

49.0

0.2

Turn left onto John Matthews Rd

122

B l-2 1

49.3

0.3

Turn right on Parkerville Rd.

50.1

0.8

Crossing Wachusett Aquaduct.

50.2

0.1

Junction Main St., Rt. 30.

50.8

0.6

Pull into yard by new house. Flat outcrop in the yard and
outcrops on the south side of Main St. Stop 14.

STOP 14.

Bloody Bluff fault zone. Highly sheared and mylonitized
granitic rocks are present at this site near the Bloody Bluff
fault.
The rocks were subjected to a late brittle deformation
in addition to earlier episodes, as evidenced by fractures now
filled with specular hematite. The outcrop on the south side
of Rt.30 had a more mafic original protolith.
End of Trip.

51.4

Turn left and proceed west.

0.6

Turn around ana return east on Main St.. Rt. 30.

Turn right onto Parkerville Rd. and follow to Rt. 9. Take Rt.
9 East to the Massachusetts Turnpike or to Rt. 95 to Danvers.
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BOSTON BASIN RESTUDIED
Clifford A. Kaye
U.S. Geological Survey (retired)
150 Causeway Street, Suite 1001
Boston, MA 02114

Abstract
Recent mapping o f the Boston Basin has shown that the sedimentary and
rhyolitic and andesitic volcanic rocks are interbedded and that all lithic types
interfinger, reflecting a wide range o f depositional environments, including: alluvial,
fluviatile, lacustrine, lagoonal, and marine-shelf. In addition to the well-known
sedimentary rocks, such as argillite and conglom erate, we now recognize calcareous
argillites, gypsiferous argillites o f hypersaline origin, black argillite, red beds,
turbidity current deposits, and alluvial fan deposits. The depositional setting seems to
have been a tectonically active, block-faulted terrane in a coastal area. The granites
that underlie these rocks are approximately the same age, some o f them intruding the
lower part o f the sedimentary and volcanic section and feeding the rhyolitic Volcanics
within the section. All o f this took place in Late Proterozoic Z-Cambrian time. No
unconformity is evident at the base o f the Cambrian. The Basin has a well-defined
N. 80° E. regional strike. Folds are few and large, and axes are overturned to the
south. The Basin is broken into at least 10 longitutinal fault-slices paralleling the
regional strike. It is also broken by many smaller faults, mostly younger in age,
including some that date from Triassic-Jurassic time. The Boston Basin is terminated
on the north by the Walden Pond fault. There is reason to think that the much faulted,
wide zone o f m afic rocks to the north o f the Basin is an interplate-collision suture.

Introduction
Although Boston was the first city o f the United States to be mapped
geologically (Dana and Dana, 1818; LaForge, 1932, pi. 3), it probably will be one o f the
last to be mapped satisfactorily. The reason is simple: bedrock for much o f the area
is deeply buried by Quaternary deposits (Kaye, 1982). LaForge (1932) faced the
mapping problem created by this situation squarely and honestly in his geological
mapping: he left blank those areas lacking outcrops. Today’s geologists are not as
easily satisfied, mainly because there are other types o f data besides natural outcrops,
and, in consequence, they feel obliged to color the entire map area. For example,
there are rock cores brought up by diamond drilling, and several hundred rock cores
were utilized in recent mapping. Deep excavation to bedrock for construction
purposes and tunneling in bedrock yielded invaluable information. Use was made o f
lithologies o f pebbles and boulders in Pleistocene glacial till, because once the
directions o f glacial transport are understood, these show the azimuths o f the bedrock
sources o f the pebbles. In places, such as the Boston Harbor area, these data were o f
great help in the recent mapping.
The writer spent well over a decade mapping the bedrock o f the Boston area.
A preliminary map o f the Newton, Boston North, and Boston South quadrangles has
been published (Kaye, 1980). The final map o f the entire block o f eight quandrangles
covering the Boston Basin with an accompanying text will be forthcoming. The
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following notes briefly summarize some o f the more important, or interesting findings
o f this work.
from those shown
published geologic map o f Massachusetts (Zen and others, 1983).

Boston Basin
The term Boston Basin has been used variously: (1) as a topographic lowland,
(2) as a structural basin, and (3) as the outcrop o f a group o f rocks o f similar age and
origin. Generally, the three basins were thought to coincide. The faulted northern
margin o f the lowland was called the Northern Boundary Fault and was thought to be
the north limit o f the rocks o f the Basin. The rocks were named the Boston Bay
Group, and were described by LaForge (1932) as consisting o f Roxbury conglomerate
below and Cambridge slate above, with the Brighton melaphyr intruded into and
interbedded with the lower part o f the Roxbury conglomerate. In LaForge's opinion,
these rocks were not older than Devonian and not younger than Carboniferous.
The recent mapping has demonstrated a more complicated stratigraphy. The
sedimentary rocks vary texturally from coarse-grained to fine-grained, grading and
interdigitating, both laterally and vertically, in a lithofacies complex. The Volcanics
are o f two contrasting types, rhyolites and soda andesites (both spilites and
keratophyres are present), which are interbedded with the sediments and occur in at
least six horizons, not all o f which are in the lower part o f the section (Kaye,1980, fig.
2). In addition, granite, o f the type formerly thought to form only the basement
beneath the basin, is now seen to intrude the lower part o f the basin deposits and to
form the parent magma o f the rhyolitic Volcanics. The definition o f the Boston Bay
Group as given by LaForge is clearly in need o f revision. The writer is avoiding it and
informally using, instead, the term "Boston Basin rocks" to denote rocks that were
deposited on the surface (both volcanic and sedimentary) in Proterozoic Z-Cambrian
time.
Finally, the basin structure o f the Boston Basin is true only in a general
sense. If we were to draw a perimeter around the known outcrops o f the sedimentary
and volcanic rocks — the Boston Basin — we would find that for only about half its
length are the lowermost, or basal, rocks in contact with older rocks. The rest is
faulted. Moreover, within the basin itself, the centripetal structure is lost, and
instead we find a series o f long fault blocks, some of which are structurally high and
some structurally low in a seemingly disorganized way.

Age
Until several years ago the age of the Boston Basin rocks was thought to be
Devonian-Carboniferous. It now is believed to be Late Proterozoic Z-Cambrian (Kaye,
1978; Kaye and Zartman, 1980; Lenk and others, 1982). This new point o f view is
based on radiometric dates and microfossils, but these are the slow outgrowth o f the
geologic remapping o f the area, as the following sequence o f findings and ideas will
show:
1.
Mapping o f the southern part o f the Boston Basin (Hingham Bay, Quincy,
Milton, North Weymouth, and Braintree) showed that the fossiliferous beds o f
Cambrian age in the Fore River estuary have the same strike and dip as the Boston
Basin rocks adjoining to the north (N. 80° E., steep S. dip). Clearly, there was no
angular unconformity between the two groups o f rocks. If we than assumed that all o f
these rocks were part o f the same stratigraphic sequence, then the fossilferous
Cambrian rocks would be on top and the nonfossiliferous Boston Basin rocks on the
bottom and, therefore, Precambrian in age. This would then explain the absence of
fossils in the latter rocks — a situation that had long proved puzzling.
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2. Rocks lithologically similar to the fossiliferous Cambrian o f the Fore River
estuary were found in several places within the Boston Basin, indicating that there was
nothing particularly distinctive, lithologically, about Cambrian rocks other than the
presence o f fossils.
3. Mapping o f the rocks along the northern margin o f the Quincy Granite
pluton failed to confirm the unconformity separating Cambrian rocks from Late
Paleozoic Boston Basin rocks that W. O. Crosby (1900) recognized. The coarse
conglomerate that he considered to be the basal conglomerate o f the Boston Basin, to
the writer seemed similar to other conglomerate zones in the Basin section and
therefore probably o f no fundamental stratigraphic importance.
4. The "fossil tree trunk" o f Burr and Burke (1900), which provided the
clinching argument for the Carboniferous age o f the Boston Basin, was restudied and
found to lack any internal cellular structure that would prove its organic origin. The
cylinder consists o f medium-grained arkosic sandstone. If it had been derived from a
plant stem, it is clear that all tissue had disappeared prior to the deposition o f the
sand now occupying its space. It seems more likely to represent a nonorganic
structure, such as a cyclindrical sandstone dike, for example. The transverse ridges on
the surface o f the cylinder are probably the result o f soft sediment consolidation
during diagenesis.
5. Lacking fossil proof o f the Precambrian age o f the Boston Basin rocks,
radiometric dating was used. Zircons from the rhyolite in the basal part o f the section
were analyzed for U-Th-Pb and an age o f 602+3 m.y. was obtained (Kaye and Zartman,
1980). This is Late Proterozoic Z, or about 30 m.y. before the onset o f the Cambrian.
6. The above age was confirmed a few years later by the accidental finding
by the writer o f a micro flora in argillite from high in the sedimentary section (Lenk
and others, 1982). Thin-sections o f this rock, taken from the new subway tunnel under
Massachusetts Avenue, Cambridge, had been made in order to determine whether the
well-developed graded-bedding there was true or spurious (if true, the beds were
com pletely overturned, which would be a unique occurrence for the Boston Basin).
Abundant minute, opaque spheres were seen and recognized as possible acritarchs o f
Precambrian age. The thin-section was shown to Professor Elso Barghoorn, Harvard
University, and his students, Strother and Lenk. A fter acid digestion o f the rock, they
uncovered the organism beneath a very thin coating o f pyrite (Lenk and others, 1982).
The micro flora agreed with Late Proterozoic Z (Vendian) fossils from localities in
North America, Greenland, Norway, and Central U.S.S.R.

The Avalonian Zone
The rocks o f the Boston Basin and those o f the Avalon Peninsula, eastern
Newfoundland, have much in common. They are the same age; are o f low
metamorphic grade; have both m afic and silicic Volcanics concentrated in the lower
part o f the section; and consist o f about the same variety o f sedimentary rocks,
including such distinctive types as conglom erate, argillite, red beds, and black
argilllite. In addition, rocks in both areas are intruded by granite (King, 1980). The
two areas are not identical, however. In Newfoundland, the lithofacies seem to be
more broadly developed than in Boston and, therefore, are o f lithostratigraphic value
for regional mapping. In Boston, the grain o f lithologic development is too local for a
very usable lithostratigraphy. In addition, the statigraphic positions o f such distinctive
horizons as red beds and black argillite seem to be different in the two places.
Within the tectonic framework o f the Caledonian-Appalachian orogen
(Williams, 1978; Wones, 1980), the Boston Basin and all the southeastern corner o f New
England (southeastern Massachusetts and Rhode Island) fall in the Avalonian zone.
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Rocks o f the same age having somewhat the same molassic-flysch composition are also
found in the eastern part o f the southern Appalachians, as well, and probably form part
o f the same tectonic belt.

Walden Pond Fault
In the Boston North quadrangle, the Boston Basin, as it is now understood,
extends about 7 km north o f the old Northern Boundry Fault to where the Volcanics
and intruding Dedham granites are sharply cut o ff by the Walden Pond Fault (Kaye,
1980; incidentally, the fault is named after Walden Pond in Lynn Woods, Lynn, not
after the pond o f the same name in Concord). In the Lexington quadrangle, however,
the Walden Pond fault coincides with the old Northern Boundary Fault, passing along
the base o f the topographic scarp. Traced to the east into the Boston North
quadrangle and beyond, from the mouth o f the valley o f the Mystic Lakes, it follows an
arcuate course, passing through Stoneham, Wakefield, Walden Pond, Sluice Pond, and
Flax Pond to a point south o f Phillips Point, Swamscott (Lynn quadrangle). From there
it bends sharply to the northeast, passes down the middle o f Marblehead Harbor to a
point o ff Bakers Island where it bends sharply northeast, following along the south side
o f Cape Ann (Fig. 1).
Rocks on the north side o f the fault are everywhere mafic amphibolitic rocks
soaked by red granites and cut by later gray granite plutons. These will be discussed
below under the heading "Suture(?) zone".

Basement
The basement beneath the Boston Basin rocks was long thought to be the
Dedham granites, for in many places the rhyolites, soda andesites, and sedimentary
rocks o f the Boston Basin rest directly on these pink and light gray granites (in the
Boston area, it should be noted, these rocks are normal granite, not granodiorite). At
that time, the age o f the Boston Basin was thought to be Late Paleozoic, the granites
probably Precambrian (LaForge, 1932). Today, Volcanics and associated sediments are
known to be Late Proterozoic Z in age, as are the granites (Zartman and Naylor,
1984). Indeed, in several places we can see that the granite intruded the lower part o f
volcanic and sedimentary section (Kaye, 1980). The picture now conveyed by our data
is that the extensive outcrop o f Dedham-type granite making up most o f southeastern
New England (Zen and others, 1983; Zartman and Naylor, 1984) was built up by many
separate surges o f granitic magmas into a tectonically active crust. Contemporary
with this, erosion and deposition o f sediment and the extrusion o f lavas were taking
place in the rugged terrain. Thus while in some active fault blocks recently emplaced
and freshly crystallized granite was already exposed to erosion, in adjoining blocks
granitic magmas were still being intruded.
As for the quartzites and interbedded argillites o f the Westboro Formation,
which are engulfed by these granites and therefore were formerly thought o f as being
much older than the Boston Basin (LaForge, 1932), these are now seen as being part o f
the Boston Basin sedimentary section.
What, then, is the basement beneath the Boston Basin rocks? The answer to
this — once so certain — now eludes us. We must probe deeper.
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Dedham Granite
The granites, called Dedham Granite by W. O. Crosby (1880) and Dedham
Granodiorite by Emerson (1917) and LaForge (1932), are normal leucocratic granites
consisting dominantly of K-spar, lesser albite-oligoclase, quartz (everwhere highly
strained) and pyroboles and primary biotites that show advanced alteration to
chlorite. These granites enclose large Xenoliths, some o f which are foliated and
metamorphosed (Zen and others, 1983) while others only show slight alteration. Among
the latter in the Boston area is a metagabbro cropping out in the town o f Dedham
(Kaye, 1980) and the large masses o f argillite and interbedded fine-grained quartzite
called the Westboro Formation.
The transformation o f Dedham Granite into vitrophyric rhyolite can be
studies in a number o f places (viz. West Roxbury-Hyde Park-Stony Brook Reservation;
Needham; Medford-Middlesex Fells Reservation; Malden, Maplewood; Malden,
Linden). Typically, the grain-size o f the granite diminishes progressively towards the
rhyolite until the rock becomes aphanitic. In thin-section, the transformation is seen
as movinge from granitic to granophyric or aplitic texture, to vitrophyric — the
typical texture o f the rhyolites.

Volcanic rocks
Volcanic rocks are important in the lower part o f the Boston Basin section
where they are interbedded with sedimentary rocks. This relationship is clearly visible
around the perimeter o f the Basin: in the Hull-Nantasket area (Crosby, 1893), in
Hingham (Crosby, 1894), in the Neponset River basin (Milton, Mattapan, Hyde Park,
West Roxbury), and in the Medford-Malden-Wakefield-Lynn area on the north side of
the Basin (Kaye, 1980). The volcanic rocks are both felsic and fem ic, or more
precisely, rhyolitic and soda andesitic. There seems to have been one major and one
minor rhyolitic eruptive interval involving a number o f vents and producing rocks
ranging from coarse explosion-breccias to dense welded tuffs. We see remnants o f
rhyolitic domes, crater plugs, and spines. These are best viewed in the Mattapan
area. The rhyolite is local in distribution and is absent in some places. It is clearly
thickest on the north, in the Medford-Malden-Wakefield-Lynn zone, and thinnest in
Hingham, where it occurs only in a few explosion pipes. There seems to be little
reason for separating the rhyolites on the north side o f the Basin from those further
south, as was done by LaForge (1932), who called the former the Lynn Volcanic
Complex and the others the Mattapan Volcanic Complex.
A second rhyolitic eruptive event took place shortly after the onset o f
andesitic eruption. This produced small bodies, that in some places seem to be
embedded in the andesites. Several o f these crop out just east o f Mattapan Square
(Field Trip Stop G). They probably represent rhyolitic crater spines and are o f
particular interest because they appear to have collapsed into an andesitic lava field.
Similar structures can be seen on Mt. Hood, Saugus (Boston North quadrangle).
The soda andesites, formerly called melaphyres, are more widespread than
the rhyolites, though nowhere are they as thick as some o f the rhyolite domes. There
were four or more separate eruptive intervals, ranging well up into the basin section.
Flows grade laterally into pyroclastics and tuffaceous sediments. These volcanic
horizons are separated by sediments o f all textural types but dominantly by
conglomerate. This can be seen in Hull, Hingham, the basin o f the Neponset River,
Newton-Brookline (where there are three keratophyric horizons within the
conglomerate o f the Central Anticline), and the east-west zone that extends from
Newton Lower Falls, on the west, to Allston-Brighton on the east.
The soda andesites are o f two types: keratophyres and spilites. Both are
albite-oligoclase rocks, which, incidentally, is a characteristic o f almost all igneous
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rocks — intrusive and extrusive — o f the Boston Basin. The keratophyres are typically
dense black, maroon, rarely greenish, massive to layered flows and flow breccias. The
spilitic lavas contained more volatiles and give evidence o f subaqeous eruption. They
are greenish to blue-green, locally purple to maroon, and coarsely amygdaloidal. In
three places pillow structures have been seen (Hull, Wakefield, Rte 128 in Newton
Lower Falls).

Sedimentary Rocks
Lithofocies and depositional environments
Sedimentary rocks clearly vary markedly in many essential parameters when
traced along their strike. Conglomerates, for example, pass into argillite without an
intermediate sandstone facies; red beds interfinger with, and grade into, gray beds;
Volcanics grade into pyroclastics, volcanoclastics, or even into nonvolcanic sediments.
We see evidence o f marine deposits grading laterally into lagoonal, then into lacustrine
deposits, and these grading into alluvial and possibly colluvial deposits. This
heterogenity o f sediment types points to a highly unstable depositional environment,
one that fits a tectonically active fault-block, basin-range model.
The variability o f lithofacies compounds the problem o f geologic mapping. In
a terrane o f sparse or in terru pted outcrops, a change o f lithology along strike can be
interpreted as either the result o f faulting or o f facies change (folding is generally
eliminated as a choice because o f the scarcity o f tight folds). Which one o f these the
mapper makes in a given situation is obviously a matter o f value judgement.
Conglomerates
Pebble- to cobble-size conglomerate is important in the lower part o f the
sedimentary section, occuring more sparsely and only as thin, lenticular sheets at
higher stratigraphic levels. The conglomerates are almost everywhere interbedded
with volcanic rocks, both rhyolites and soda andesites.
Pebbles in the conglomerate typically are o f three main lithic types:
Volcanics (soda andesite and rhyolite); fine-grained quartzite o f the nonglassy type;
and Dedham-type granites. The Volcanics are identical to those that are part o f the
Boston Basin, the quartzites are like those in the Westboro Formation, and the granites
are clearly o f the Dedham granite complex, which, as explained above, is associated
with the basin. These sediments, therefore, are endogenous, that is, derive from the
same rock terrane as they are being deposited into. Rocks making up the lower part o f
the basin clearly had been uplifted along faults, eroded, and deposited, and
redeposited—the sort o f thing that happens in tectonically active areas today.
Bedding o f the conglomerate is visible in places, but in others, the rock is
massive. Bedding is generally expressed by parallelism o f the long dimension o f the
pebbles and by occasional sandstone layers. Strikes and dips o f the conglomerates are
generally somewhat at variance with those o f the fine-grained sedimentary rocks
flanking them; this is attributed to the conglomerate having been deposited with
considerable initial dip, either as in alluvial fans on steep slopes or as in deltaic
foreset bedding.
Squantum Diamictite ("tillite")
For many years the badly sorted, lenticular conglomerates o f Squantum
(Boston South quadrangle) have been classified as tillite (LaForge, 1932). Several
decades ago this interpretation was challenged by Dott (1961), who recognized that
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they also had the characteristics o f subaqueous slumps, or turbidity current deposits.
The writer's work supports Dott’s interpretation mainly for the following reasons: (1)
pebbles with soled, or faceted shapes that are characteristic o f clasts o f Pleistocene
tills are lacking; also lacking are pebbles with glacial scratches, or striations; (2) with
the exception o f rare, angular blocks o f argillite, lithologies o f the clasts are the same
as these in normal conglomerate except that the content o f soda andesites pebbles is
higher; (3) the "tillite" occurs in the stratigraphic position o f a known spilite horizon
and the red and green coloration o f the associated graded-beds is characteristic o f
volcanogenic sediments, and (4) the pronounced graded-bedding o f these sediments is
especially characteristic o f turbidity-current deposits, as pointed out by Dott (1961).
The writer sees the "tillite" as the result o f a volcanic eruption, or eruptions,
shaking down unstable subaqueous slopes o f clay, sand, and gravel.
Argillite
Argillaceous rocks o f the Boston Basin, formerly called "slate", are now
termed argillite. Argillite is a more appropriate term, for several reasons. The first
is that true slate is very rare in this terrane. Secondly, the rocks are metamorphic but
o f very low grade; they are harder and stronger than normal shales, mudstones,
claystone, etc.; they lack fissility; and parting on bedding-planes is a property that is
poorly developed. Included in the classification argillite are fine-grained argillaceous
sandstones, tuffaceous argillites, calcareous argillites, gypsiferous argillite, and other
types o f fine-grained sedimentary rocks. These rocks range in color from cream
through light to dark shades o f gray, often with greenish, bluish, and red chroma. They
range from
very well-stratified to massive.
There are many zones o f
penecontemporaneous deformation. Small depositional unconformities are common.
The rocks are o f low metamorphic grade. Sericite, chlorite and quartz are
the principal minerals. In thin-section, the flaky minerals are seen to be arranged in a
triaxial decussate structure. In a few places one finds schistose foliation, probably
produced by shearing associated with nearby faulting.
Argillite underlies most o f the lowlying part o f the Boston Basin, particularly
those places where the top o f bedrock falls below sea level.
Calcareous Argillite
Individual beds o f calcareous argillite are interbedded with normal argillite in
many places, and range in thickness from several centimeters to 1.5 m. The
unweathered color and appearance o f this rock is very like that o f normal gray
argillite except that it is slightly lighter gray than noncalcareous rock with which it is
interbedded. The fresh rock effervesces readily with dilute hydrochloric acid; on
weathered surfaces, where it has been leached, it has a characteristic dull brown
appearance. Calcareous argillite is found under Boston Peninsula, to the east under
Boston Harbor and Logan Airport, in Somerville, Dorcester, and West Roxbury.
Sideritic argillite
Well-stratified, light-colored, even textured argillite ("claystone"), sprinkled
with small siderite crystals, underlies the area around Porter Square, Somerville.
Pebbles o f this rock are found widely in the drumlin till o f the islands in Central
Boston Harbor.
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Gypsiferous and dolom itic argillite
Much o f the argillite under downtown Boston, Cambridge, and Inner Boston
Harbor is densely sprinkled with small gypsum crystals, about 0.5 mm or smaller in
length. In places this rock also contains clusters o f larger crystals o f dolomite. There
seems little doubt that these are hypersaline sediments and therefore indicate the
existance o f saline depositional basins in the Boston Basin.
Red beds
Sandstone, arkose, and argillite that is pink and hematite-red in color, not
unlike the Newark Series rocks o f Late Triassic-Early Jurassic age, are found as an
integral part o f the Boston Basin. These crop out in three areas: (1) Broad Sound
(Lynn quadrangle), (2) Milton-Quincy-Houghs Neck (Boston South and Hull
quadrangles), and (3) North Weymouth (Weymouth quadrangle), within the Boston
Basin. In the first and third o f these areas, they comprise the Lower Cambrian
Weymouth Formation. The second outcrop belt may also be o f the same age, although
this is not certain, and on structural grounds there is evidence it is older. In the Broad
Sound area, pebbles o f red bed were first noticed in glaial till in some o f the drumlins
in Winthrop and Deer Island. Pebbles then were found in Revere Beach, and diamond
drill cores from Winthrop, Revere, and part o f Lynn also showed the presence o f these
rocks in the underlying bedrock. Some o f the beach pebbles o f red argillite contain
small, irregular masses o f limestone with Early Cambrian fossils (Clark, 1923).
Red beds, exposed in road cuts in Milton during construction o f the Southeast
Expressway, were described by Billings (1976). These rocks extend east o f that
outcrop to the western part o f Peddocks Island. Further east on Peddocks as well as to
the west o f the Southeast Expressway, the red coloration fades and the rocks grade
into interbedded gray sandstone and argillite. This same transformation o f red to gray
possibly also occurs in Broad Sound area when we trace the red beds to the west under
Revere, Everett, Somerville, and Medford.
The red beds under North Weymouth also grade into gray. On the east they
are cut o f f by a fault but on the west, in Quincy, our drill cores indicate that they are
altered to black hornfels by the intrusion o f the Quincy Granite pluton (Field Trip;
Stop E). A similar transformation is seen in the fossiliferous black hornfels in East
Point, Nahant.
"Black" argillite
Very dark gray argillite occurs in several stratigraphic or structural zones.
One runs through Davis Square, Somerville; another runs along the axis o f the Charles
River sysncline; another through Nut Island just north o f Houghs Neck, Quincy; and
still another under the northeast end o f Long Island, Boston Harbor. It is interesting to
note that this lithology also occurs in the Avalonian terrane o f eastern Newfoundland
(King, 1980)

Fossils
Microfossils
Identifiable microfossils were found in argillite taken from the subway tunnel
under Massachusetts Avenue, Cambridge (Lenk and others, 1982). These minute plant
organisms were thinly encrusted with pyrite; and, when first spotted by the writer in
thin sections o f argillite, they appeared simply as minute opaque spheres. Treatment
with hydroflouric and then nitric acids dissolved rock and sulphide and revealed the
organisms beneath (Lenk and others, 1982).
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Three basic types o f acritarchs were found: (1) spherical cells, (2)
multicellular filaments o f cylindrical form, and (3) dense colonies o f minute spherical
cells (Bavlinella c f. f aveolata). This assemblage is similar to that found in European
rocks o f Vendian age (Late Proterozoic Z) which agrees with the zircon-age obtained
for the rhyolites (Kaye <5c Zartman, 1980).
Trace fossils
Small spiral burrows are found widely in laminated gray and white argillite
and fine sandstone, cropping out in an east-west belt that extends from Tufts
University, Medford, on the west to the town o f Winthrop, on the east. These fossil
structures are localized mostly within the dark argillaceous laminae and are infilled
with light-colored sand from overlying sand laminae, thereby making them clearly
visible to the naked eye. Individual burrows are generally 2-4 mm in diameter. The
nature o f the organism responsible for them is not known. They are informally
referred to as trace fossil "Spirochete".
In Winthrop, borings indicate that a zone o f this burrowed rock is interbedded
with Lower Cambrian red beds, thereby indicating a similar age for the burrows. Are
they diagnostic o f a Cambrian Age?

Base o f the Cambrian
We know from fossils, outcrops, borings, and drift pebbles that the Lower
Cambrian crops out in two, possibly three, areas in the Boston Basin: in the Fore
River estuary (North Weymouth, Quincy), the Broad Sound area (Nahant, Lynn, Revere,
Winthrop), and possibly in a belt o f red beds that as yet has yielded no fossils and
which extends from Milton (Billings, 1976) to western Peddocks Island (Hull
quadrangle). In the Fore River Estuary, the contact o f the lower Cambrian with
underlying nonfossiliferous beds is not exposed but is spanned by several lines o f drill
holes. The structure appears to be conformable. The Broad Sound area is less
clearcut. Our data com e from outcrops on Nahant; from drill holes from Lynn,
Revere, and Winthrop, and from the towns lying to the west; from drift pebbles in
Nahant Beach and from the many drumlins in the Winthrop area. These data allow for
several structural interpretations. While it is possible that there is an angular
unconformity at the base o f the Cambrian here, the data can also be construed as a
conformable contact, as in the Fore River estuary. If it is the latter, then the redbeds
with fossiliferous limestone nodules pass laterally, into gray argillites under the
existing and former marshlands o f the Mystic River Estuary in Everett, Malden and
Medford. This last is the preferred interpretation.
It is not clear, then, where in the stratigraphic section the Cambrian begins
and the Proterozoic ends. We find gray argillites and sandstones in the Proterozoic-Z
section that resemble rocks, also lacking fossils, in the Lower and Middle Cambrian.
There is no clean-cut lithologic distinction between Cambrian and Precambrian where
red coloration and fossiliferous limestones are lacking. It is quite possible, therefore,
that a complete depositional transition from Precambrian to Cambrian occurs. The
coming-in o f fossil evidence may or may not mark the chronologic time signal for the
outset o f the Paleozoic. This is clearly a subject needing study.
Stratigraphy
It is difficult, if not impossible, at this state o f our knowledge to draw up a
detailed stratigraphic section making use o f the many lithologic markers for the
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simple reason that our knowledge o f the specifics o f faulting and other structural
deformations, as well as our incomplete grasp o f the details o f facies variability, is too
tenuous. It is very probable, for example, that at least some o f the lithologic markers
are repeated in the section. It is for these reasons that the long established
lithologic-stratigraphic names (viz. Roxbury Conglomerate, Cambridge Argillite, etc.)
were avoided on the preliminary geologic map o f the three quadrangles (Kaye, 1980).
It seems to the writer, that in discussing specific rocks, be it argillite or any other
lithologic type o f the Boston Basin, that it adds nothing to the discussion or to our
knowledge to append the formational name when these names imply a stratigraphic
position about which we are uncertain. At this point, the lithologic names seem
sufficient.
Later granites
A uniformly fine-grained tonalite rims the south side o f the Walden Pond
fault in the Boston North quadrangle and extends irregular branches to the south into
the Boston Basin rocks. In the Lexington quadrangle this rock occurs on the north side
o f the fault as well. It is found in bodies o f similar ragged shape in many places north
o f the Boston area to as far as southern New Hampshire (Newburyport Quartz Diorite).
Another post-Boston Basin granite is the peralkalic Quincy Granite and the
closely related Cape Ann and Peabody granites. The last two crop out just north o f
the Walden Pond fault, while the Quincy Granite pluton forms the south edge o f the
Boston Basin in Quincy and Milton. The Quincy Granite body has been recently
discussed by Billing (1983).

Structure
Regional strike
A rigid regional strike o f N. 80° E. +5° characterize almost all the
onshore and Boston Harbor portions o f the Boston Basin. Offshore, to the east, under
Massachusetts Bay, our data indicate that the strike changes to about N. 45°E. in
the northeastern sector o f the basin. Most substantial deviations from the regional
o
strike can be attributed to one or more o f the following: closure o f folds, high initial
dips (as in the conglomerate), drag on faults, and skewing o f crustal blocks bounded by
faults.
Longitudinal faults and fault slices
The basin is broken by nine long faults that are parallel or subparallel to the
regional strike and which e ffe ctiv e ly divide the basin into ten parallel fault blocks, or
slices (Fig. 1), each o f which seems to be structurally independent (Table 1). In the
few places where these faults have been seen in tunnels (Richardson, 1977) and in
outcrop, they show little if any cataclasm. This may mean that either they are ductile
faults or they have been ’’healed ’’ by subsequent relithificaton o f cataclastic debris.
The longitudinal faults may be Ordovician(Taconic) in age, generated by
crustal plate closure. It is also conceivable that the faults originated in, or reflect,
the position o f the original block-faults o f the proto-Boston Basin.
Other faults
There is good evidence o f many faults in the Boston Basin, although it must
be acknowledged that geologic mappers will differ on the details. Because they are
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generally weathered and etched by erosion, glacial or otherwise, the traces o f faults
on the surface are rarely visible. In tunnels, their visibility is highly variable,
depending on such factors as: lighting conditions; washed vs. unwashed walls; obliquity
o f fault to tunnel axis; ductile vs. brittle faults; compound vs. single fractures;
presence vs. absence o f quartz and calcite veins; amount o f cataclasis; amount of
"healing"; dike infilling; etc. As can be seen from the maps o f the several bedrock
tunnels under Boston (see bibliography given in Kaye, 1980, Sheet 2), many mafic dikes
give evidence o f having been intruded along earlier faults. Beds on both sides o f the
dikes show considerable drag (certainly in excess o f that required by wall dilation); in
addition, some dikes mark lithologic breaks. The walls of these fault dikes are
commonly well-striated, which is best explained by faulting, whether pre-dike or
post-dike in age.
While the age o f most o f these faults is probably Permian, recent work has
shown the importance o f Middle Mesozoic faulting in the Boston Basin (Kaye, 1983).
Two types o f faults that were found cutting the Newark Series rocks o f the Middleton
Basin, north o f Boston, are also found in abundance in the Boston Basin. These are
steeply dipping N-S faults with strike-slip displacement, and NE-striking faults with
well-developed cataclastic zones.
Folds
There are 4 large folds in the Boston Basin, each o f which seems to be
isolated within a single fault-slice (table 1, fig. 1). The axes o f all these folds parallel
the regional strike. All are asymmetric, and indicate compressional stresses from
north to south. All plunge to the east, possibly an expression o f downward crustal
tilting to the east on a regional scale.
Several areas o f smaller folds exist. One o f these is the stretch lying
between Harvard Square, on the south, and the campus o f Tufts University, Medford,
on the north, and extending an unknown distance to the west into the Lexington
quadrangle. These folds measure 0.5 km or less in width (N-S) and probably do not
exceed 50 m in height (closure). Three folds o f about this size are also seen in
Hingham in the Squirrel Hill-Crows Point area.
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Table 1.—Major longitudal fault slices o f the Boston Basin (see Figure 1)
(In sequential order, north on top, south on bottom .)

Name
of
slice

Relative age of
rocks exposed,
(No. 1 oldest;
No. 10 Cambrian)

Dominant structure

Wakefield

1

Homocline, N. dip

Oak Grove

1

Do.

Malden

9•

Homocline, SE. dip

Chelsea

10

Boston

5-8

Charles River syncline,
plunges east

Brookline

1-4

Central anticline,
plunges east

Neponset River

1-6

Syncline, plunges east

Nantasket Roads

4-8

Do.

Hingham Bay
Hull

6-10
1

Homocline, S. dip

Homocline, S. dip
Homocline, N. dip,
some folding
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Suture(?) Zone
The Walden Pond fault separates two very different rock terranes. To the
south are the sedimentary and volcanic rocks o f the Boston Basin and associated
Dedham granites, all o f which are Late Proteozoic Z-Cambrian in age. To the north
we find a broad belt o f mafic rock o f hybrid origin into which several distinctive
petrologic types o f granite have been intruded. All these rocks are thought to date
from the Ordovician and perhaps Early Silurian. This terrane extends about 25 km
north o f the Walden Pond fault to the Clinton-Newbury fault, where it is sharply
terminated.
The mafic rocks are both massive and foliated and range from fine-grained to
coarse-grained.
All o f the many thin-sections studied show evidence o f
metamorphism.
The dark minerals generally include amphibole (mostly green
hornblende), biotite, pyroxenes, and ore, in that order o f importance. The feldspars
range from orthoclase and albite to rare relic fragments o f andesine. Apatite is
always abundant. The rocks have evolved from several types o f igneous rocks and,
indeed, here and there we find fairly intact small bodies o f gabbro.
Clapp, (1910, 1921) named these rocks the Salem Gabbro-Diorite, but I would
modify this to the Salem Gabbro-Diorite Complex. This general family o f mafic
amphibolitic rocks has been stratigraphically subdivided (viz. Marlboro, Nashoba,
Sharpners Pond Tonolite, etc.); but I think these mapping refinements mask the
essential common origin o f the terrane. The cross-cutting granites are o f 4 main
types. The most pervasive is a granite, generally pink to red in the Boston area but
light gray further west. This occurs mostly as dikes (some o f which are coarse
permatites) and as bodies o f ill-defined shape with long gradational contacts with the
surrounding mafic rock. Indeed, the dense peppering o f felsic minerals o f this granite
within the Salem-Gabbro-Diorite Complex rock suggests that the magma o f the red
granite had literally soaked the m afic rocks but nowhere digested it entirely and made
a pluton o f its own.
The other granites form well-defined plutons. One o f these granites is that
o f the Cape Ann and Peabody plutons. The other is the two-m ica Andover granite.
Another is the Newburyport quartz-diorite (tonalite) which is found cutting the Salem
Complex but which also extends beyond the faulted borders o f this belt.
There are three other features o f the mafic zone that are worthy o f note,
particularly if we are concerned about the origin o f this zone. One is that there are
broad bands o f mylonite, measuring many hundred o f meters in width and trending
more-or-less parallel to the zone (Castle and others, 1976; Kaye, 1983). Another
notable feature is the presence o f several large grabens. One o f these contains the
large block o f the Newburg Volcanic Complex o f Late Silurian-Early Devonian age
(Shride, 1976); another down-faulted block is the Middleton Basin (Kaye, 1983), a small
basin o f Newark Series rock (Triassic-Jurassic). Also there are a number o f sizeable
Xenoliths o f high-grade metamorphic sedimentary rocks (mica schists, quartzites,
marble) embedded in the Salem complex. Lastly, there are at least two bodies o f
serpentinite in this zone, a rock that is not found elsewhere in southeastern New
England.
This fault-bounded rock terrane stretches for over 180 km in an accuate
course into south central Massachusetts and southeastern Connecticut (Harwood and
Zietz, 1976; Lundgren and Eblin, 1972; Castle and others, 1976; Zen and others, 1983;
Kaye, 1983). Wilson (1966) and then Skehan (1968, 1969, 1973a, 1973b, 1980) suggested
that it marked the suture formed at the closing o f Iapetus in Ordovician time by the
collison o f the Avalonian and North American crustal plates. This mechanism, in my
opinion, offers the best explanation. For example, the mafic rocks themselves may
have originated as oceanic crustal basalts, caught up and pinched in the suture,
magmatized and/or metamorphased by the collision stresses. Large blocks of
continental crust could have broken o f f the margins o f the continental plates as they
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collided and subsequently were magmatized by the frictional heat generated by the
closure stresses. D ifferences in the several granites may reflect differences in the
compositions o f the several crustal blocks. Similarly, the metamorphic Xenoliths
represent blocks that survived collision without fusion. The mylonites resulted from
post-collision shearing along the suture, movement that might have persisted long
after the initial collision. Lastly — if this model is correct — the field facts point to
subduction to the south—i.e. the Avalonian plate overrode the North American plate.
In all objectivity, however it must be said that this important suture has also
been postulated for structural zones in western New England. This interpretation can
be reconciled, however, with the above if there were several sutures, one behind the
other, resulting perhaps, from the compound nature o f the continental margins. Such a
margin would occur if island-arc accretionary zones lay in front o f either, or both,
continental plates.
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One-day field trip of
Boston Basin
Clifford A. Kaye, leader
Information
Maps
Standard U.S.G.S. 7 1/2’ quadrangles, scale 1:25,000: Salem, Reading, Boston
North, Boston South, Weymouth, Lexington, Newton (all in Massachusetts); U.S.G.S.
Miscellaneous Field Studies Map MF-1241 (2 sheets). It is advised to bring these along.
Point locations given below for each stop (viz. 37,800E/14,750N) are in the
l,000m -grid o f the UTM system, which is printed on the faces o f all 1:25,000-scale
topographic maps. The coordinates can be readily measured o ff with the use o f
dividers, employing the grid-lines on the map face and the meter-bar scale printed at
the bottom o f each map.
Caution: We will adhere to time alloted for each stop. A whistle will be blown
once, 4 minutes before departure time; tw ice, two minutes before departure. We will
leave promptly. If you miss the bus, you are in big trouble.
Stop A (20 minutes)
Salem quadrangle, 37,800E/14,750N;
west side o f Newburyport Turnpike-Rte 1; just N o f
B <5c M single track crossing, parking lot next to building

Typical Salem Gabbro-Diorite Complex, the rock making up the major part o f
the suture zone north o f the Walden Pond fault. It is a dark gray to black, fine-grained
rock with igneous texture but in places has a distinct foliation. Petrographically,
these are unusual rocks, probably hybrid in origin. The felsic minerals are those o f
peralkalic granites in this area (orthoclase, albite, quartz) but combined with an excess
o f fem ics (green hornblende, biotite, and, in places diopside). Almost everywhere
these rocks are complexly intruded by red granite as multiple dikes and dikelets, and
as isolated crystals o f feldspar and quartz within the matrix o f the mafic rock. The
impression is conveyed that the mafic host rocks were either com pletely soaked in the
granite magma or that they underwent a transformation from an amphibolitic parent
rock to a granite (granitization?).
This cut exposes an interesting multiple fault zone o f a type that is common in
the area. It parallels the cut and consists o f a number o f individual slip surfaces, all
highly polished, grooved, and striated. The deep curvature o f some o f these surfaces
and the lack o f paralllism o f the striations, even where slip surfaces merge on
crosscut, indicates the com plexity o f fault movement.
Stop B (10 minutes, we will stay on bus)
Boston North quadrangle; 26,175E/04,825N;
Highway 1-93, where it crosses the valley o f Sweetwater Brook

We are crossing the Walden Pond fault. The surface trace o f this major fault is
marked in places by valleys and trenches (viz. Walden Pond in Lynn Woods; Marblehead
Harbor, Mystic Lakes Valley, etc.) Rocks under this valley are known to be deeply
decomposed.

141

From here on our trip will be in the Boston Basin.
Stop C (20 minutes)
Boston North quadrangle; 26,850E/02,100N
Middlesex Fells Reservation, Stoneham

We will see soda andesite o f the Boston Basin intruded by one o f the Dedham
granite plutons and in consequence contact metamorphosed. These rocks were named
the Middlesec Fells Volcanics by Bell and Alvord, 1976. We can trace this volcanic
horizon 5 km to the northeast where the granite and hornfelsed nature o f the rock
disappear, and the flanking rhyolite is clearly present. The rock then resembles in
every way the soda andesite that we shall see later in the trip in Mattapan Square
(Stop G).

^
Stop D (30 minutes)
Boston North quadrangle; 27,600E/95,600N

This is the old Mystic quarry (LaForge, 1932, p l.ll), a 19th century source o f
freestone blocks used for building walls and house foundations before the age o f
concrete. The backwall o f the quarry today is mostly a NW-striking metadiabase dike
o f a type that is found widely in the Boston Basin. This dike is cut by two small
N-striking lamprophyr dikes, both o f which give evidence o f occupying earlier faults
and one o f which is faulted in turn. These latter dikes are probably Triassic in age
(Kaye, 1983; LaForge, 1932). They are specifically referred to by LaForge, in the
caption o f the above cited photograph as containing Xenoliths o f minerals and rocks
brought up from "considerable depths".
In the central part o f the backwall o f the quarry, the metadiabase dike has been
faulted out and in its place there is an excellent exposure o f argillite. We will note
the broad range o f argillite lithologies and depositional structures present in this small
thickness o f sediment, paying particular attention to lenticular beds o f calcareous
argillite, thin zones o f black argillite, graded bedding, and the presence o f the
trace-fossil "Spirochete".
Stop E (30 minutes)
Weymouth quadrangle; 38,920E/77,800N
This is the type locality o f the Weymouth Formation o f Early Cambrian age and
the only place where the fossiliferous facies crops out in its unmetamorphosed state.
We will see in several small outcrops in the yards o f the houses that lie between
Gilmore Street and Brewster Road somewhat shaly argillite with flattened fist-size
limestone nodules and thin limy beds. The color o f the argillite here is red, but in
places close by the red changes to gray within a very short distance. Along the shore
o f Mill Cove, at the foot o f Brewster Road, we find that the argillite has changed to a
very dark gray flinty rock and that a 0.3 m-thick limestone bed is marblized. This is a
good example o f the baking e ffe c t o f the nearby Quincy Granite, whose contact is only
about 100 m off-shore here.
The outcrops o f Weymouth formation here have an almost E-W strike and steep
south dip. We know from excavations, borings, and from other data that the limy
fossiliferous argillite is underlain by fine to coarse-grained, reddish to gray sandstone.
These beds crop out under the higher ground between Evans Street and Bridge Street
(Rte 3A) just to the north.
Beneath the sandstones are gray argillites o f
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the type that is widespread in the Boston Basin. Time permitting, we will discuss the
problem o f the base o f the Cambrian.
the Quincy Granite pluton. At the foot o f the low scarp forming the contact of the
pluton with the argillites into which it is intruded — on the low shelf that rims the
river — we can see the site o f the Haywards quarry, famous for the many fine fossils
o f the large Middle Cambrian trilobite, Paradoxides harlani, that were found in it in
the 19th century. The quarry was situated where we see the large black, shed-like,
building at the left(south) end o f the General Dynamics Corporation shipyard. The
Middle Cambrian argillites (the Brainstree Slate, but they are slate only locally, due to
faulting) extend, therefore, under the river as a broad E-W band about 0.3 km in front
o f us.

^
Stop F (30 + 10 minutes)
Boston South quadrangle; 34,340E/85,350N
and 32,650E/83,475N, time permitting

This is the locality o f the Squantum "tillite” — a diamictite that is probably o f
turbidity-current origin. The rock occurs as a number o f elongated, lenticular masses
completely embedded in a thick sequence o f tuffaceous fine-grained sediment with
conspicuous graded bedding. The diamictite is a massive sediment similar to many
glacial tills in grain-size distribution. It differs from till (as, for example, the
Pleistocene tills o f the Boston area), however, by the absence o f glacial striations on
the surfaces o f pebbles o f fine-grained softer rocks and by the lack o f pebbles with
nsoled’Tshapes, a characteristic o f many glacial tills.
With one exception, clasts o f the diamictite are o f the same rocks types as those
that make up the conglomerates o f the Boston Basin — that is, rhyolitic and andesitic
Volcanics, quartzite, and Dedham-type granite. A feature o f importance is that
pebbles o f spilite are in greater relative abundance than in conglomerate and are
locally conspicuous by their very large size. In addition, there are sparse angular
blocks up to 0.6 rn across, o f argillite o f the Boson Basin t\rpe. The latter have not
been noted in the conglomerate.
If we make the most probable structural interpretation, the Squantum beds are
the stratigraphic equivalent o f the Brighton spilite horizon (Brighton Melaphyre).
Structurally, the Squantum beds are folded into a syncline whose axis strikes ENE and
passes down the center o f the island, and is probably the same fold as the Neponset
River syncline to the west.
The most logical explanation for the diamictite is that it represents subaqueous
sliding, or slumping, o f slopes cut in gravel, sand and clay, and that this debris was
carried along the bottom as a number o f turbidity currents These slumps were
probably triggered by explosive volcanic eruptions, the same eruptions that produced
the large spilite fragments. The blocks o f argillite probably were carried as
unconsolidated or semiconsolidated clay,for it is known that turbidity currents have
the capablity o f transportating particles with a minimum o f abrasion. On the other
haiivl, 1C these deposits were true tillites, then we would have to conclude that Boston
Basin clays had already hardened to argillite at the time o f the glaciation that was
responsible for the deposit - - an unlikely situation.
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Stop G (50 minutes)
Boston South quadrangle 27,510E/82,000N
Mattapan Square and nearby Tileston School quarry

The close relationship o f rhyolite, soda andesite, andsedimentary interbeds are
well-exposed here. We will walk from the area on the west side o f Blue Hills Avenue
to the old quarry on the east side.
On the west side o f Mattapan Square we can see thin-bedded argillite and
volcanic conglom erate overlying and in depositional contact with a stratified sequence
o f rhyolite that includes coarse breccias and well-stratified welded ash. Above the
sedimentary rocks are flows o f black keratophyric lavas. Across Blue Hills Avenue, on
the east side o f Mattapan Square, there are two curious large elliptical bodies o f well
stratified welded tu ff embedded in m afic flow rocks. The long axes o f the two ellipses
are about 250 m across each. The fine stratification o f these structures conforms to
the margin o f the structure but is discordant with the flow layering o f the surrounding
andesites. Taking all factors into account, the best explanation for the twin ellipticla
bodies o f rhyolite is that they are fragments o f a large crater spine that originally
emanated from the volcanic crater that produced the rhyolite cropping out on the
other side o f Blue Hills Avenue, and that this spine had collapsed as two pieces, falling
into the molten andesite that flowed about its base.
The rhyolite seen on this stop represents the second rhyolitic eruptive interval
(Rhyolite II). Rhyolite I crops out in the broad area extending on both sides o f
Cummins Highway, and which is confined for the most part between the two sets o f
Conrail tracks lying west o f Mattapan Square (Boston South topographic sheet, Kaye,
1980).
Stop H (30 minutes)
Newton quadrangle; 23,470E/82,325N
We will examine the transformation o f Dedham granite to rhyolite.

The upland area o f Stony Brook Reservation, on both sides o f Washington
S t r e e t , shows the gradation in grainsize between aphanitic rhyolite and
medium-grained granite. Although there are places where rhyolite, clearly o f volcanic
origin, can be seen unconformably overlying granite, there are others where there is
obviously a textural gradation between the end members. The typical transformation
o f one rock to the other represents a reduction in average grain size by a factor o f
about 50. The fine-grained phase o f the granite is aplitic in appearance. The rhyolite
represents much the same mineralogy but a reduction o f grain size by about an order
o f magnitude.
We are probably seeing in much o f the fine-grained rock the chilled margins o f a
rising granite cupola. This is essentially hypabyssal rhyolite rather than extrusive
rhyolite. In some places, however, the aphanitic rock is probably extrusive. The field
relationships o f the different grain sizes are difficult to determine because this is a
very much faulted terrane, as a visit to the nearby West Roxbury Crushed Stone quarry
(22,000E/81,500N) would show (if we had the time).
End o f field trip
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